The present study is designed to assess if exosomes released from Chronic Myelogenous Leukemia (CML) cells may modulate angiogenesis. We have isolated and characterized the exosomes generated from LAMA84 CML cells and demonstrated that addition of exosomes to human vascular endothelial cells (HUVEC) induces an increase of both ICAM-1 and VCAM-1 cell adhesion molecules and interleukin-8 expression. The stimulation of cell-cell adhesion molecules was paralleled by a dose-dependent increase of adhesion of CML cells to a HUVEC monolayer. We further showed that the treatment with exosomes from CML cells caused an increase in endothelial cell motility accompanied by a loss of VE-cadherin and β-catenin from the endothelial cell surface. Functional characterization of exosomes isolated from CML patients confirmed the data obtained with exosomes derived from CML cell line. CML exosomes caused reorganization into tubes of HUVEC cells cultured on Matrigel. When added to Matrigel plugs in vivo, exosomes induced ingrowth of murine endothelial cells and vascularization of the Matrigel plugs. Our results suggest for the first time that exosomes released from CML cells directly affect endothelial cells modulating the process of neovascularization.
Introduction
Chronic myelogenous leukemia (CML) is a myeloproliferative disorder in which leukemic cells display the Philadelphia (Ph) chromosome generated from a reciprocal t(9:22) (q34:q11) translocation 1 . This translocation results in the expression of the chimeric BcrAbl oncoprotein with constitutive tyrosine kinase activity that, in turn, stimulates a number of downstream signaling cascades 2 . As a consequence, activated Bcr-Abl leads to increased proliferation, altered cell adhesion, and inhibition of apoptosis 3 . Bcr-Abl has also been involved in VEGF-mediated angiogenesis in CML 4 and evidence indicates that the°C formation of new vessels plays an important role in the development and progression of CML 5, 6 .
Exosomes are small vesicles of 40-100 nm diameter that are initially formed within the endosomal compartment and are secreted when a multivesicular body (MVB) fuses with the plasma membrane 7 . These vesicles are released by many cell types including cancer cells and are considered messengers in intercellular communication 8 . Biochemical and proteomic analysis of exosomes revealed that these vesicles contain, besides a common set of membrane and cytosolic molecules, cell-type specific proteins that characterize their functional activity 9 . The exact function of exosomes in malignant cells has yet to be elucidated, but investigation has suggested roles in cell-to-cell communication, tumorstroma interaction, and antigen presentation, thus potentially affecting cancer progression at different steps 10 . Exosomes have been shown to interact with endothelial cells 11, 12 . Although production of exosomes by K562 CML cells 13, 14 has been reported, little is known regarding the role of these vesicles in CML biology. Working from these assumptions, the aim of our work was to investigate the role of exosomes released by CML cells in the angiogenic process. Our results indicate LAMA84, a human CML cell line, releases exosomes and that the addition of those microvesicles to human vascular endothelial cells (HUVEC) affects several steps of in vitro angiogenesis including motility, cytokine production, cell adhesion, and cell signalling, as well as stimulation of angiogenesis in a nude mouse assay. Finally, application of exosomes isolated from blood of CML patients confirmed the data obtained with exosomes, derived from LAMA84 cells, suggesting a critical role of exosomes in angiogensis.
Material and Methods
Cell culture, reagents and treatments HUVEC were obtained from Lonza (Clonetics, Verviers, Belgium) and grown in endothelial growth medium (EGM) according to supplier's information. LAMA84, chronic myelogenous leukemia, cells were cultured as previously described 15 . All other reagents were purchased from Sigma (St. Louis, MO, USA), if not otherwise cited.
PBMC isolation
Human blood samples were obtained from healthy donors, after written informed consent was obtained, in accordance with the Declaration of Helsinki guidelines and University of Palermo Ethics committee. Human peripheral blood mononuclear cells (PBMC) were isolated using the Ficoll-Paque (GE Helthcare-Bio Science, Uppsala, Sweden) separation technique.
Exosome isolation and characterization
Exosomes produced by LAMA84 CML cells during a 24h culture period, were isolated from conditioned culture medium supplemented with 10% FBS (previously ultracentrifuged) by differential centrifugation as described by Thery and colleagues 16 . Exosome protein content was determined by the Bradford method. On average, we obtained 100 µg of exosomes/ 40ml of LAMA84 conditioned medium similar to the amount recovered from other CML cell lines such as K562 cells 13 . The activity of acetylcholinesterase, an exosome marker protein, was determined as described by Savina et al 13 . To further verify the identity of vesicles as exosomes, we isolated exosomes on a 30% sucrose/D 2 O cushion as described by Lamparski and colleagues 17 . Vesicles contained in the cushion were recovered, washed several times, ultracentrifuged for 90 min in PBS and collected for use.
Exosomes were next examined by scanning electron microscopy analysis. They were fixed with 2% glutaraldehyde in PBS for 10 min, attached onto stubs, coated with gold in a sputterer (Sputter Coater 150A, Edwards, UK) and observed using a field emission scanning electron microscope (FEG-ESEM QUANTA 200 FEI, USA) at working voltage 30 kV.
Patients
Blood samples were obtained from two newly diagnosed CML patients. Informed consent was obtained from patients, according to the Declaration of Helsinki and with hospital Ethics Committee approval. Whole blood samples were treated with red blood cell lysing buffer (Sigma, St. Louis, MO) for 2 min at room temperature, then centrifuged at 350g for 7 min to recover and discard lysed red cells. The interphase layer containing CML cells was collected, resuspended in PBS and lysated for controls. Exosomes released in fresh patient's plasma were prepared as described in the previous paragraph.
Flow cytometry
Expression of HUVEC cell surface VCAM-1 was determined by flow cytometry analysis. HUVEC were treated with or without 50 µg/ml of LAMA 84-exosomes in low serum medium (EGM:RPMI, 1:9). 500,000 cells were washed in PBS and incubated with 0.5 µg VCAM-1-FITC (Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 15 min a t 4° C according to manufacturer's recommendations. Viable cells were gated by forward and side scatter and the analysis was performed on 100,000 acquired events for each sample. Samples were analyzed on a FACS Calibur with the use of the CellQuest software (BD Biosciences).
Western blot and immunoprecipitation assay
Total cell or exosome lysates were subjected to SDS-PAGE electrophoresis and immunoblot as previously described 15 .
Antibodies used in the experiments were: HSC70, CD63 and VCAM-1 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), actin 18 , MAPK and phosphoMAPK (Cell Signaling Technology, Beverly, MA). Five million HUVEC were incubated with 50 µg/ml of LAMA 84 exosomes for 6h or with 10 ng/ml TNF α for 2h (positive control) or with low serum medium for 6h (negative control) and processed for immunoprecipitation experiments using precleared lysates as previously described 19 . Samples were resolved in 8% SDS-PAGE followed by immunoblotting with anti-VCAM1. Aliquots of the precleared cell lysates were resolved independently by 8% SDS-PAGE and examined for actin quantity as a surrogate of IP input (named as starting material or St).
Immunofluorescence and cell cytoskeleton analysis
HUVEC monolayers were grown to confluence on coverslips coated with type I collagen (Calbiochem, Darmstadt, Germany) and were treated with increasing doses of CML exosomes or low serum medium for 6h. After incubation, cells were processed as previously described 20 . Antibodies used in the experiments were: VE cadherin and β-catenin (1:100; Santa Cruz Biotechnology, Santa Cruz CA, USA). Cells were stained with Texas Redconjugated secondary anti-mouse antibodies (1:100; Molecular Probe, Eugene, Oregon USA) and analyzed by confocal microscopy (Olympus 1X70 with Melles Griot laser system). Analyses of the actin cytoskeleton were performed as described 20 . The semiquantitative analysis of fluorescence intensity was performed using IMAGE-J software (http://rsbweb.nih.gov/ij/) 21 
RNA extraction and real-time PCR
HUVEC cells were grown to confluence in 6-well plates and incubated for different times with the indicated stimuli. IL-8, VCAM-1, ICAM-1 transcript levels were measured by reverse transcription (RT) and TaqMan real-time quantitative polymerase chain reaction (RT-PCR) and analyzed as described 20 . The following primers were used: IL-8, HS00174103_m1; VCAM-1, HS 00174239 m1; ICAM-1, HS 00277001_m1; and, GAPDH, Hs99999905 m1 (Applied Biosystems, Foster City, CA, USA). GAPDH was used as the internal control.
Motility assays
Migration assays were performed following two standard protocols, Transwell chemotaxis chambers (NeuroProbe Inc., Cabin John, MD, USA) 15 and wound repair assay. Briefly, LAMA84 cells (2×10 6 /ml) were suspended in serum-free RPMI 1640 medium supplemented with 0.1% BSA in transwell chemotaxis above 8 µm pore filters, and exposed to chemoattractants with increased amount of exosomes (10-20-50 µg/ml), 10 ng/ml of recombinant IL8 (Sigma, St. Louis, MO, USA), or neutralizing antibodies anti IL8 (5 µg/ml) (R&D system, Minneapolis, MN) as indicated. Filters were removed after 6h, fixed in ethanol and stained with Diff-Quick (Medion Diagnostics GmbH, Düdingen, Switzerland). Each cell line was tested in three independent experiments; the number of migrating cells in five high-power fields per well were counted at 400X magnification.
For the wound healing assay, a wound was created by manually scraping the confluent endothelial cell monolayer with a p1000 pipette tip. After washing with PBS, cells were incubated for 3h with medium containing exosomes or control medium without exosomes. Images of cell-free spaces were taken with a digital camera at the indicated times and measured manually with the IMAGE-J software (http://rsbweb.nih.gov/ij/) 21 . The data are reported as the percentage of the distance migrated relative to the control cultures for each experiment.
Adhesion assay
Adhesion assays were performed as previously described 19 . Briefly, HUVEC monolayer was incubated for 6h with indicated conditions. After treatment, cells were washed with PBS and CML cells were added for 1h at 37°C. Adherent cells were stained with hematoxylin/ eosin, each test group was assayed in triplicate; five high power (400X) fields were counted for each condition.
ELISA
HUVEC conditioned medium (CM) was collected from cells stimulated for 6h with indicated treatments. CM aliquots were centrifuged to remove cellular debris and IL-8 protein concentrations were quantified using an ELISA kit (R&D Systems, Minneapolis, USA), according to the manufacturer's protocol. IL8 was also measured directly in LAMA84 exosomes.
HUVEC tube formation on Matrigel
Matrigel was used to test the effects of exosomes on in vitro vascular tube formation as described 22 . Exosomes were added to HUVEC plated on Matrigel in endothelial basal medium containing 0.2% of FBS as indicated. Cells were incubated for 6h and then evaluated by phase-contrast microscopy and photographed. The length of the cables was measured manually with the IMAGE-J software (http://rsbweb.nih.gov/ij/) 21 .
Matrigel plug assay
All animal experiments were conducted in full compliance with University of Palermo and Italian Legislation for Animal Care. Four week old BALB/c nude mice (Charles River Laboratories International, Inc, Wilmington, MA) were injected subcutaneously with 400 µL Matrigel (BD Biosciences Pharmingen, San Diego, CA) containing 100 µg LAMA84-derived exosomes with or without 10 µg/ml non specific anti-actin antibody or anti-IL-8 neutralizing antibody or PBS (negative control). The degree of vascularization was evaluated by determination of hemoglobin content using the Drabkin method (Drabkin's reagent kit) 23 
Statistics
Data were expressed as means ± SEMs of the indicated number of experiments. Statistical analysis was performed by using a unpaired Student's t test. Differences were considered to be significant when P values were < than 0.05.
Results

Exosome vesiscles released by LAMA84 cells
We examined the ability of LAMA84 cells to release exosomes into the culture medium during a 24h period. Scanning electron microscope analysis revealed that the isolated vesicles consisted of membrane particles (figure 1a) with an average diameter of 70 nm ± 10 in agreement with that described by other groups in different cell lines 24 .
A comparison of the protein profiles of cell lysates and exosomes revealed that lysates of CML cells were different from those of exosomes (figure 1b). Vesicles secreted by CML cells were also purified on a sucrose gradient and analysed by scanning electron microscope (figure 1c) and Western blotting using antibodies specific for HSC 70 and CD63. These proteins were detected in cell lysates and found more expressed in exosome fractions ( fig  1d) . Acetylcholinesterase activity, a characteristic enzyme localized in exosomes, was found associated with the exosome fraction while negligible amounts were found in conditioned medium deprived of exosomes (Fig.1e ).
Exosomes purified from whole blood of 2 patients with chronic myelogenous leukemia displayed same properties of vesicles isolated from LAMA84 cells (Fig. S1) 
CML vesicles modulate IL-8 expression by HUVEC
Cytokine expression was evaluated by RT PCR analysis to determine the potential effects of CML exosomes on induction of genes promoting tumor growth and angiogenesis. We evaluated IL-8, IL-6, VEGF, and TGF-β since these cytokines are induced in endothelial cells by several stimuli and are also involved in the angiogenic process. Figure 2a shows that LAMA84-derived exosomes added to HUVEC monolayer caused both a dose-and timedependent increase in IL-8 transcript quantity. Increased mRNA production was statistically significant and reached approximately a 20-fold induction after 6h of stimulation of the endothelial monolayer with 50 µg/ml of vesicles. The negative control, exosome-deprived medium (CM-ex) did not significantly induce mediator gene expression in the endothelial monolayer. Measurement of IL-8 release into HUVEC conditioned medium confirmed the augmented synthesis of IL-8 in exosome-stimulated endothelial cells (Fig. S2) . IL-8 was also found in LAMA84 exosomes (~ 300pg/50 µg exosomes) and no significant induction of IL-8 release was observed when HUVEC were stimulated with exosomes purified from PBMC (Fig. S2) . No effect was observed on IL-6, VEGF or TGF-β (data not shown).
Exosomes treatment of HUVECs induces cell-cell adhesion molecules
VCAM-1 and ICAM-1 are expressed by endothelial cells following activation by cytokines released during the inflammatory process 25 . HUVECs were treated with different amount of exosomes or controls to determine whether LAMA84 exosomes affect cell-cell adhesion molecules mRNA expression. As shown in figures 2b and 2c, respectively, addition of increasing doses of exosomes to the endothelial monolayer caused a dose-and timedependent increase in VCAM-1 and ICAM-1 mRNA expression (p ≤ 0.01.). More specifically, exosome stimulation for 24h caused a 13-and 6-fold increase in VCAM-1 and ICAM-1 mRNA expression. Figure 2d shows that incubation of HUVEC with increasing doses of LAMA84 exosomes or TNF-α, used as positive control, induced an increase of VCAM-1 protein levels. FACS analysis confirmed that incubation of HUVEC with LAMA84 exosomes resulted in the detection of VCAM-1 on the surface of HUVEC (Fig.  2e) ; immunoprecipitation and western blotting assays showed that VCAM-1 was undetectable in LAMA84 exosomes (data not shown) and flow cytometry analysis of latex bead-coupled exosomes confirmed the absence of VCAM-1 on membrane particles (Fig.  S3) . The neutralization of IL-8 inhibited exosome-stimulated increase of ICAM-1 and VCAM-1adhesion molecules ( Fig. 2f ; p ≤ 0.01).
Stimulated binding of CML cells to HUVEC monolayer
A hallmark feature of leukemia progression is the adhesion of cancer cells to endothelial cells for extramedullary infiltration. We therefore tested the ability of leukemia cells to adhere to an endothelial monolayer to investigate functional effects of the observed increase of ICAM-1 and VCAM-1 expression in exosome-treated HUVECs. Figure 3a shows a dosedependent increase in leukemia cell adhesion to HUVEC after 6h treatments; figure 3b shows the increase in adhesion of LAMA84 cells (arrows) to HUVEC monolayer after a 6h treatment with 50 µg/ml of exosomes. Figure 3c shows that addition of recombinant IL-8 to endothelial cells causes an increase of CML cells adhesion to HUVEC monolayer similar to that produced by LAMA84 or CML patient exosomes; on the contrary treatment of HUVEC with LAMA84 exosomes plus anti IL-8 neutralizing antibodies or with PBMC exosomes didn't increase the adhesion of leukemia cells to the endothelial cells.
CML exosomes promote migration of endothelial cells
Cell migration is critical for many physiologic processes including angiogenesis. Confluent, scrape-wounded endothelial cell monolayers were incubated with various concentrations of CML vesicles, and the percentage of closure was observed after 3h. Figure 4a shows that endothelial cell migration was significantly increased in exosome-treated cultures but not in the control medium. As positive control, EGM-treated cells migrated into the denuded area, almost completely covering the exposed surface after 3h. Measurement of wounded area evidenced, compared to control, a 55% percentage of closure when endothelial cells were treated with the dose of 50 µg/ml of exosomes ( fig. 4b) . We further analyzed the effects of exosomes on cell migration by Boyden chamber assay. Figure 4c shows that addition of a range of concentrations of vesicles (10-50 µg) to the bottom wells of the chamber caused, after 6h, a dose-dependent increase of CML cell migration. A similar, statistically significant, effect in the stimulation of endothelial cell migration was obtained when recombinant IL-8, CML patients exosomes were added as chemoattractant in the Boyden assay (fig 4d) ; on the contrary the presence of anti IL-8 neutralizing antibodies or PBMC exosomes in the bottom wells of boyden chamber didn't increase the motility of leukemia cells (fig 4d) .
Exosome treatment alters VE-cadherin and β-catenin localization
We determined the effects of exosomes on expression of VE-cadherin, an endothelial specific transmembrane adhesion molecule to investigate if alteration of cell junctional components could be responsible for the increase in cell motility. Control cells had continuous peripheral VE-cadherin staining ( fig. 5a ). VE-cadherin staining decreased in intensity and became patchy at the membrane concomitant with the appearance of a granular cytoplasmic staining in HUVEC treated with 50 µg/ml of LAMA84-exosomes ( fig. 5a,  arrows) . Immunolocalization of β-catenin a protein known to interact with VE-cadherin, revealed a reduction of membrane immunostaining in the treated HUVEC monolayer compared to control cells after a 6h incubation (fig 5b) . Treatment of the HUVEC monolayer with exosomes caused a translocation of β-catenin from the plasma membrane to the cytoplasm and nucleus (fig 5c) . The images shown in figures 5b (sections at 2 µm from the surface) and 5c (sections at 4 µm from the surface) were the cells acquired at different confocal planes. Semi-quantitative analysis of fluorescence intensity confirmed both VEcadherin delocalization and β-catenin translocation (Figure 5e, f) . Furthermore, staining of actin filaments with r hodamine-conjugated phalloidin confirmed the alteration of endothelial integrity when exosomes are added to HUVEC monolayer (fig 5d) .
CML exosomes stimulate in vitro and in vivo tube formation
We analyzed the differentiation of HUVECs into capillary-like structures when plated on Matrigel as a model of angiogenesis 26 . HUVECs maintained in medium containing 0.2% serum were almost unable to form a tube network (fig 6a) . Addition of LAMA84 exosomes (fig 6a) , recombinant IL-8 (Fig. S4a) or exosomes from CML patients (Fig. S4a) resulted in increased cellularity of the network formation compared to cells treated with PBMC exosomes (Fig. S4a) . The anti-IL8 neutralizing antibody inhibited exosome-induced tube formation while treatment of cells with an anti-actin antibody had no effect (fig 6a) . Measurements of the length of tubular connections showed a 3-fold increase in cellular projections interconnecting HUVECs when treated with LAMA84 exosomes (fig 6b) , recombinant IL-8 or exosomes from CML patients (Fig. S4b) compared to controls. The angiogenic potential of LAMA84 exosomes was then assayed in vivo by examining the recruitment of vasculature into subcutaneously implanted Matrigel plugs containing exosomes. Figure 6c shows that the plugs containing LAMA84 exosomes and LAMA84 exosomes plus a non specific antibody (anti-actin antibody), became more vascularized than implants with PBS control or with exosomes plus an anti-IL8 neutralizing antibody. This suggests that IL-8 is critical for vascular recruitment and organization in this model. This is supported by the increased haemoglobin concentration in the exosomes-containing Matrigel (table I) . Activation of MAPK signalling pathway has been demonstrated to play an important role in angiogenis 27 . We next investigated whether addition of LAMA84 exosomes to endothelial cells triggers phosphorylation of MAPK p42/44. Figure 6d shows stimulation of HUVEC with 50 µg/ml exosomes caused a time-dependent phosphorylation of MAPK indicating that exosomes interact with HUVECs and act as a regulators of signal transduction in endothelial cells.
Discussion
The current study provides insights into the role of exosomes in angiogenesis stimulated by chronic myelogenous leukemia cells. There are increasing data indicating that angiogenesis plays an important role in the development and progression of CML 5 . The bone marrow of patients with CML exhibit marked neovascularization and increased number of endothelial cells 28 ; however, little is known about how CML cells induce the angiogenic phenotype.
A number of studies have recently described exosomes as new components that modulate the tumor microenvironment, promoting angiogenesis and tumor progression 29, 30 . We show here that exosomes released by LAMA84 CML cells "in vitro" and by patient's leukemia cells in blood have the potential to affect in vitro and in vivo angiogenesis. One of the initial findings of our study was the confirmation that CML cells secrete exosomes with morphological and biochemical properties in agreement with that described by other groups in different cell lines 7 including CML cells 13 . Cell-cell interaction mediated through celladhesion molecules occurs following endothelial activation in angiogenesis. Our data showed that the amount of ICAM1 and VCAM1 was significantly higher in cells treated with increasing doses of LAMA84 exosomes and of patients with Chronic Myelogenous Leukemia than the untreated control or PBMC exosomes-treated endothelial cells. Apart from their role in stabilizing cell-cell contact during angiogenesis, an increased expression of cell-cell adhesion molecules on endothelial cells may also be associated with an augmented dissemination of leukemia blast cells to extramedullary sites and associated leukostasis 31 . Adhesion studies performed under static conditions have shown that myeloblast adhesion to cytokine-activated endothelium is mediated by ICAM-1 and VCAM-1 32 . Accordingly, we show that treatment of an endothelial monolayer with CML exosomes caused a dose-dependent increased adhesion of LAMA84 cells.
Exosomes released from leukemia cells in close proximity of endothelial cells may also contribute in the exacerbation of endothelium activation and following migration of endothelial cells during angiogenesis. Our data demonstrate that LAMA84 exosomes and CML patients exosomes induced the motility of HUVEC cells in a dose-dependent manner both in a Boyden chamber and in a wound healing assay. Loss of cell-cell contacts is consistently observed during migration of endothelial cells or during transendothelial migration of tumor cells 33, 34 . Endothelial cell adherence junctions are composed of transmembrane adhesive proteins belonging to the cadherin family, with vascular endothelial (VE)-cadherin the most important 35 . This protein interacts with cytoplasmic catenins, in particular, β-catenin, to link cadherins to the actin cytoskeleton. β-catenin distribution is generally related to the maintenance of cell-cell contacts and regulation of the intracellular signalling pathways that are involved in tissue morphogenesis 36 . Cai et al. showed a rapid redistribution of VE-cadherin following adherence of MDA MB231 breast cancer cells to HUVECs resulting in its transient loss from regions of endothelial cell-cell contact 34 . Treatment of HUVECs with LAMA84 exosomes induced a cytoskeletal reorganization with a concomitant translocation of VE-cadherin and β-catenin from cell surface to cytoplasm and nuclei. Overall, these results indicate that addition of exosomes to endothelial cells reduced intercellular adhesion, as a biological consequence of loss of zonulae adherens components, VE-cadherin and β-catenin. These reduced and focal endothelial cell junctions may be responsible for increased motility as well as the leaky vasculature observed in solid tumors 37 . Additional changes after endothelial cell activation, for example, loss of vascular integrity, and increased endothelial cell production of cytokines, may also contribute to the angiogenic process. We demonstrated increased mRNA and protein expression of interleukin-8 in exosomes-stimulated HUVEC cells. IL-8, a potent proangiogenic factor, is a member of the CXC family of chemokines 38 and its plasma concentration are significantly increased in patients with CML 6, 39 . We demonstrated IL8 was important in the exosome-mediated increase of ICAM1 and VCAM1 by using recombinant IL8 and IL-8 neutralizing antibodies.
We employed both in vitro and in vivo Matrigel assays to further evaluate the angiogenic potential of CML exosomes. We found that exosomes from LAMA84 cells, or those isolated from CML patients or rIL8 induced tubular differentiation of HUVECs and stimulated vascularization of Matrigel plugs implanted into nude mice. The addition of IL-8 neutralizing antibodies to CML exosomes in both assays inhibited the process of angiogenesis thus reinforcing the role of IL-8 in exosomes-induced vascularization.
We analyzed MAPK signalling following interaction between endothelial cells and purified exosomes to begin to understand the molecular pathways through which exosomes affect angiogenesis. MAPK is a key signalling pathway activated in endothelial cells after binding of angiogenic factors 40 . Cross-talk between MAPK and other signalling pathways can further stimulate angiogenesis 41 . The strong activation of ERK1/2 in endothelial cells early after the exosomes addition suggest that these exosomes exert a specific stimulus for endothelial cell function. The results here described contribute to highlight the intricate tumor-host interactions in CML. For the first time, exosomes released from CML cells have been involved as important components leading to endothelium activation and angiogenesis.
Recent reports support the role of exosomes in modulation of angiogenesis during tumor progression. Skog and colleagues have showed that glioblastoma tumor cells release different types of microvesicles including exosomes that contain mRNA, miRNA and proteins that may stimulate endothelial cells to acquire an angiogenic phenotype 42 . It has been demonstrated that exosomes of of human SW480 colon carcinoma cells are enriched in cell cycle-related mRNAs that promote proliferation of endothelial cells, suggesting that microvesicles from cancer cells can be involved in tumor growth and metastasis by facilitating angiogenesis-related processes 43 . The role of exosomes in metastasis has been also demonstrated in melanoma cells in a study by Hood and collaborators. They found that exosomes modulated both angiogenic and immunological cytokine signalling, thus serving as paracrine nanocarriers that might prepare distal sites for the arrest of metastatic cells 44 .
In this context, the inhibition of either exosomes shedding or modulation of exosome function has been proposed as an approach to cancer therapy 45 . The molecular basis of endothelial cell stimulation by exosomes is under investigation. A potential working hypothesis involves a direct physical association of membrane microparticles with the endothelial cell surface followed by transmembrane signal transduction and de novo gene expression. It has been proposed that the acid microenvironment of the tumor host interface may facilitate the vesicles lysis, releasing their contents in close proximity to a cellular target 46 . Alternatively, vesicles can move between cells using specialized structures called nanotubes 47 . Our data do not go as far as defining which of these hypotheses may be correct. However we have shown that exosomes released from CML cells activate, in endothelial cells, signal transduction pathways leading to the release of IL-8 that ultimately causes, by an autocrine mechanisms, the activation of an angiogenic phenotype. In fact, blocking with anti IL-8 neutralizing antibodies the interaction of the cytokine with endothelial cell surface, causes the inhibition of angiogenic process. Our findings suggest that targeting the release of exosomes could be a rationale approach for CML therapy.
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